all survival (ROS) to recurrence patterns like the locoregional recurrence (LRR) rate or the distant recurrence rate. In the context of primary breast cancer with OS and ROS rates higher than 90% over 5 years in unselected cohorts, the usage of surrogate endpoints for OS, such as (distant) disease-free survival, is increasingly common, especially in randomized trials but also in cancer registry outcome analyses [1] . The definitions of several of these endpoints are often imprecisely used; especially endpoints with differing locoregional components have been observed in the comparison of research results [2] . Initiatives to harmonize these definitions were made to facilitate comparisons between trial results by using standardized definitions [3] . Additionally, a further aspect of outcome analyses relates to the evaluation of quality-of-life patterns (or patient-related outcome patterns), which should also be considered in the context of any oncological safety evaluation [4] because they sometimes better reflect the patients' individual perceptions of treatment outcome than abstract survival patterns [5] .
that it reduces the uncertainty of annual follow-up mammograms and potential recall for further diagnostic procedures and treatment. BCT consists of breast-conserving surgery (lumpectomy, partial mastectomy) and whole-breast radiotherapy, with the aim to achieve long-term local disease control in conjunction with minimum local morbidity; i.e., the cosmetic outcome is favorable and the side effects of treatment are limited. A meta-analysis of the 10-year survival in 7 randomized trials showed equivalence in terms of overall outcome for BCT and mastectomy [10] . It became evident that BCT involved some risk of recurrence in the remaining breast tissue but no significant differences in OS at 10 years [11] , confirming these results in a follow-up of 20 years [12, 13] . All following studies showed that women with early breast cancer who were treated with BCT and postoperative radiotherapy to the ipsilateral breast had higher rates of LRR but similar long-term survival when compared with those undergoing radical mastectomy. Nonetheless, providing local control is still important and has an impact on OS; i.e., local recurrence has been estimated as a risk factor for the development of distant metastases [14] . Higher risk of LRR is associated with higher risk of distant disease and subsequent risk of breast cancer-related death. This estimate may vary substantially with age at diagnosis, axillary lymph node affection, the histological type of the cancer and, according to this, the application and duration of systemic treatment. To limit the negative effect on OS through local recurrence, it is nowadays generally accepted that, for early breast cancer, the LRR rates should be within the limit of 1% per year or within 10% at 10 years [15] . Exemplarily for the initial European Organisation for Research and Treatment of Cancer (EORTC) 10801 data after a 10-year follow-up, the LRR rates were 20% after BCT and 12% after mastectomy (but no significant difference was identified in long-term OS) [16] . An even longer followup of these patients after more than 20 years confirmed the equivalence in OS without having focused on LRR because the number of events was low in the follow-up since the previous analysis [17] .
LRR rates following BCT have fallen considerably over the last 2 decades, as a result of better imaging and more attention to margins. Although local recurrence was considered to be more common after BCT than after mastectomy, it is now almost at comparable low levels, even for aggressive subtypes like triple-negative breast cancer [18] . The convergence of the LRR rates of BCT and mastectomy in recent years was also mainly driven by better systemic treatment options, which in parallel also resulted in improved overall and distant disease-free survival [19] . A growing molecular genetic understanding in the last decade provided a new view on breast cancer as a heterogeneous disease that can be classified into different intrinsic biological subtypes with miscellaneous clinical and pathological features and different therapeutic responsiveness patterns and outcome perspectives [20] [21] [22] [23] . This has led to the possibility of individually tailored treatment reducing the impact of local treatment on OS. In this context, particularly the progress in primary systemic therapy in the last decade has led to a rising rate of pathologic complete responses (pCRs) after neoadjuvant chemotherapy [24] . Reaching a pCR goes along with excellent prognosis for specific breast cancer subtypes (i.e. human epidermal growth factor receptor 2 (HER2)-positive and triple-negative subtypes) [25] . These results have opened the door to recent innovative study designs that want to give an answer to the question of whether a surgical approach in the breast is necessary at all after proof of pCR through vacuum biopsy after neoadjuvant chemotherapy [26] .
Concerning the impact of systemic therapy in a large study with over 85,000 patients who were treated in trials with chemotherapy and endocrine therapy between 1990 and 2011, the LRR rates decreased from 30 to 15% without any influence, irrespective of whether BCT or mastectomy was performed. LRR additionally depends on the immunohistochemical subtype, with the triple-negative type having the highest rates and the hormone receptor-positive and HER2-negative types having the lowest rates of LRR [27] . In a representative routine cohort from Germany with over 70% of the patients treated with BCT, LRR rates of 3.9% over 5 years were seen [1] . Thus, the rates of breast cancer recurrence after BCT are nowadays similar to the rates of local recurrence seen after mastectomy. However, it has to be stated that the rates are obviously not identical; especially in younger patients, the discrepancy becomes evident [28, 29] . On the one hand, based on a review of the available literature there is no definitive evidence that mastectomy provides a consistent recurrence-free survival or OS benefit over BCT. On the other hand, BCT patients have a lifelong consistent but small risk of in-breast relapse that is higher than in mastectomy patients.
Impact on Axillary Surgery
With the beginning of the millennium, surgical radicalness could be further reduced through the implementation of axillary staging via sentinel lymph node dissection (SLND), which showed lower morbidity [30] with equal oncological safety [31] . Thus, the standard histological assessment of a minimum number of axillary lymph nodes after axillary lymph node dissection (ALND) as a staging method for a clinically non-suspect axilla is nowadays obsolete [32, 33] . The trend of reducing therapeutical morbidity has been a one-way street involving study designs that had a huge impact on everyday treatment decisions in breast units worldwide. For example, the results of the American College of Surgeons Oncology Group (ACOSOG) Z0011 trial could show a similar outcome for patients without axillary completion with 1-2 affected sentinel lymph nodes (SLNs) under specific circumstances (adequate radiotherapy, etc.) [34] , and the results from the AMAROS trial ('Mapping of the Axilla: Radiotherapy or Surgery?') yielded similar outcome results between ALND and axillar radiotherapy for patients with positive SLNs [35] .
Paradoxical Trend: Rising Rate of Mastectomies
Even though BCT offers an equivalent option concerning the potential risk of LRR and OS, a rising rate of mastectomies has been observed in the recent years since 2005 [36] . Data from the USA show that, after a stable rate of BCT, a rising rate of mastectomies could be seen in the recent decade [37] , which is mainly due to an increase of contralateral prophylactic mastectomy (CPM) while the rates for unilateral mastectomy remained stable [19] . Limited data exist from Europe, but they do not show a comparable trend outside the USA [38] . It is a paradox that the increase in CPM happens during a time when most efficient (neoadjuvant) systemic therapies can even reduce the risk of contralateral cancer. This trend towards CPM is mainly driven by personal factors and less by tumor biological factors, i.e. by a greater awareness of the breast cancer risk and the widespread availability of genetic counseling and testing. Also, the availability of advanced and safe options of breast reconstruction after mastectomy has increased in recent years, which may have lowered the threshold to opt for mastectomy in the individual decision-making process [39] . The trend towards CPM is mainly patient driven and is focused on subgroups of younger and well-informed and well-educated patients. Moreover, psychological factors might be relevant [40] . Especially a misperception regarding the safety of BCT versus mastectomy and an overestimation of the risk of contralateral breast cancer development might have contributed to the increase of CPM. Most of the patients with unilateral breast cancer asking for bilateral mastectomy are not at high risk for the development of subsequent breast cancer and overestimate their level of risk for developing breast cancer [41] . The a priori low risk of contralateral cancer development leads to the fact that, with the growing number of CPM, no improvement in survival can be observed [42] . There is no evidence that CPM is associated with lower mortality in breast cancer patients [43] . Nonetheless, in quality-oflife evaluations after CPM, most patients afterwards seem to be convinced of their decision, although negative effects are more often reported by the patients than anticipated [40] .
In contrast, for the subgroup of BRCA1 and BRCA2 mutation carriers, prophylactic bilateral mastectomy has to be discussed as a potential way to significantly reduce the immanent high life-time risk for developing breast cancer [44] . For patients who are already diagnosed with or have been treated for unilateral breast cancer and who were tested positive for a BRCA1 or BRCA2 mutation, a potential benefit of a bilateral mastectomy (if BCT is possible for the affected breast) or a CPM has not been clearly demonstrated so far: As we know, the rate of a second occurrence of ipsilateral metachronic breast cancer is not higher in comparison to non-mutation carriers [45] . Although the incidence of contralateral breast cancer can be reduced by a CPM, there are still insufficient followup data to postulate a positive impact on OS [46] . In this context, particularly the patient's age at first diagnosis has to be taken into consideration in order to maintain adequate counseling on the remaining life-time risk [47] .
Impacts in Counseling Patients in the Decision of BCT versus Mastectomy
When discussing the options of mastectomy versus BCT with a patient in a primary breast cancer situation, we must first clarify several important points that are commonly misunderstood by newly diagnosed patients. Patients often have the impression that mastectomy is a safer approach in breast cancer treatment simply because it includes more extensive surgery. Similarly, patients often assume that mastectomy provides a guarantee that they will never have to deal with breast cancer again during their lifetime, or that undergoing a radical surgery approach could help them to avoid chemotherapy. These misperceptions are often not sufficiently verbalized so that it is necessary to clearly communicate the following facts concerning breast cancer surgery to the patient: -The long-term OS is equivalent for BCT and mastectomy. -The risk of LRR after BCT and mastectomy is similar on a very low level, with a slight trend in favor of mastectomy, especially for young breast cancer patients. Mastectomy does not completely eliminate the risk of local recurrence or a new primary cancer. -Chemotherapy recommendations (whether adjuvant or neoadjuvant) are issued independently of the decision to pursue BCT versus mastectomy. A reasonable tumor response to neoadjuvant chemotherapy might otherwise enable a breast-conserving management when mastectomy was initially indicated due to a poor breast/tumor size relation and/or multicentric disease. -Radiotherapy may still be indicated following mastectomy due to the interdependency of other factors (like axillary lymph node status). Based on this information we must finally refer this decision of BCT versus mastectomy to the patient's personal responsibility, in the sense of an informed consent after a shared decision-making process. Obviously, there is no survival difference in the surgical approach when the performance of BCT seems possible. Breast conservation has advantages that fit to the preferences of most of the patients so that BCT is in general the preferred option. We know that, compared with mastectomy, BCT has advantages with regard to lower levels of psychological morbidity, less anxiety, and improved body image, sexuality and self-esteem [48] , although other data could show that (immediate) reconstruction after mastectomy with good aesthetic outcome can maintain the quality of life comparable to the results seen after BCT [49, 50] . Another advantage of BCT is that it may allow the patients to avoid axillary dissection if they had a positive lymph node status after sentinel node biopsy and if they are treated according to the ACOSOG Z0011 criteria [51] . More than two-thirds of all primary breast cancer patients are nowadays treated with breast conservation in a routine clinical setting in a specialized breast unit in developed countries [1] .
Nonetheless, we must accept that patients' preferences might differ individually and that avoiding long-term local recurrence (even when the actual benefit due to this decision might be extremely small) or fear of a potential second surgery (in the R1 situation) or radiotherapy might be important individual motifs for some patients [52, 53] . That is, in an individual hierarchy of priorities, some of these factors could be estimated higher than others, like aesthetic ones. Also the doctor's advice (which reflects the doctor's preference) is an important factor influencing the final treatment decision [54] . We should frankly communicate the fact that a slightly higher rate of local recurrence is still evident; i.e., in BCT patients, there is a lifelong consistent but small risk of locoregional relapse. In this context, it must be stated that also after mastectomy residual breast tissue remains in the breast in most patients [55] . Especially young patients need specific counseling. Late in-breast recurrences were more frequently observed in younger patients treated with BCT compared with those submitted to mastectomy [56, 57] . The risk of an LRR after BCT is inversely proportional to age. Because of this, the largest absolute benefit of adjuvant therapy is observed in younger patients [58] . Notwithstanding this risk, no survival differences are seen in retrospective analyses comparing BCT and mastectomy [17] . Young age is not a contraindication against breast-conserving management, but the potential higher risk of LRR should be discussed with the patient. Particularly young women find decision-making challenging when the characteristics of their diagnosis provide an equal surgical choice between mastectomy and breast conservation [59] . BCT yields favorable outcomes for the large majority of patients, although increased LRR was observed among those with non-luminal A subtypes and increasing lymph node involvement [60] . Also the individual perceptions of contralateral breast cancer risk should be discussed [41] . As reconstruction options continue to improve, new techniques such as skin-sparing (with or without nipple-sparing) mastectomy with immediate reconstruction may lead to even higher rates of mastectomy in the future [61] . Irrespective of the final treatment recommendation, the patient's individual request should be accepted in every situation, also in case that the decision made by the patient does not seem rational under the perspective of recent evidence. Given that the recurrence rates are almost the same, the recall rates after BCT are now very low, and that studies show equal (or even better) survival rates for BCT in comparison to mastectomy, there is still a group of patients where performing mastectomy should be indicated. These hard indications for mastectomy include: -When a sufficient aesthetic outcome with BCT is not feasible, a mastectomy with prior counseling of the patient on reconstruction can be necessary (i.e. in case of a multicentric/multifocal tumor), or when a general high risk for local recurrence can be assumed (i.e. an extensive ductal carcinoma in situ (DCIS) component/extensive or diffuse microcalcifications in the breast). -When a R1 situation after 1 or 2 re-excision procedures persists, a mastectomy should be discussed. In general, tumor-free margins should be aspired after BCT [62] . -Any surgical situation that makes an adjuvant radiotherapy necessary when radiotherapy was already performed in the past (e.g. after BCT in the past or radiation in childhood due to lymphoma). Recent data show that in some cases a second BCT in special breast cancer patients might be feasible [63] .
Summary and Future Aspects
BCT has been established as the standard surgical procedure for primary breast cancer and fits to the preferences of most breast cancer patients concerning oncological safety and aesthetic outcome. When there is no specific contraindication against a breastconserving approach, BCT is as safe an option as mastectomy concerning overall long-term survival. For completeness, it must be stated that there is a lifelong consistent but small risk of in-breast relapse that is higher in BCT than in mastectomy. Especially the slightly higher risk of LRR after BCT in younger patients has to be mentioned and considered in the individual decision-making process with the patient when presenting BCT as a method that can be labeled as equally safe as mastectomy. The individual hierarchy of preferences driven by the avoidance of re-surgery or radiation, by aesthetic outcome or fear of relapse might differ between patients, but they all share the need for individual und substantial counseling concerning the pros and cons, which is a complex communication process [64] . In the context of counseling patients in an early breast cancer situation, a clear communication strategy on the principles of shared-decision making with regard to the surgical options is necessary [65] . It should be underlined that the treatment of breast cancer is made in a multidisciplinary setting where the surgical factor is just one aspect in the whole breast cancer treatment chain, and the other parts, i.e. (neo)adjuvant systemic therapy and radiotherapy, might be indicated irrespective of the recommended surgical approach. Especially the factor of the patient's awareness of breast cancer in general has led to an increase in prophylactic mastectomies in the last decade without sufficient proof of the benefit in oncologic survival, especially for patients outside of a confirmed genetic high-risk situation [66] . In the future, the focus should be on the patient's individual risk perception and on adequate communication strategies in routine patient-doctor interactions to meet the expectations of the patient as an equal, well-informed dialogue partner [67] .
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